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Abstract 

Background: Lower breast cancer survival has been reported for Australian Aboriginal women compared to 
non-Aboriginal women, however the reasons for this disparity have not been fully explored. We compared the surgical 
treatment and survival of Aboriginal and non-Aboriginal women diagnosed with breast cancer in New South Wales 
(NSW), Australia. 

Methods: We analysed NSW cancer registry records of breast cancers diagnosed in 2001-2007, linked to hospital 
inpatient episodes and deaths. We used unconditional logistic regression to compare the odds of Aboriginal and 
non-Aboriginal women receiving surgical treatment. Breast cancer-specific survival was examined using cumulative 
mortality curves and Cox proportional hazards regression models. 

Results: Of the 27 850 eligible women, 288 (1 .03%) identified as Aboriginal. The Aboriginal women were younger and 
more likely to have advanced spread of disease when diagnosed than non-Aboriginal women. Aboriginal women were 
less likely than non-Aboriginal women to receive surgical treatment (odds ratio 0.59, 95% confidence interval (CI) 
0.42-0.86). The five-year crude breast cancer-specific mortality was 6.1 % higher for Aboriginal women (1 7.7%, 95% CI 
12.9-23.2) compared with non-Aboriginal women (1 1.6%, 95% CI 1 1.2-12.0). After accounting for differences in age at 
diagnosis, year of diagnosis, spread of disease and surgical treatment received the risk of death from breast cancer was 
39% higher in Aboriginal women (HR 1.39, 95% CI 1.01-1.86). Finally after also accounting for differences in comorbidities, 
socioeconomic disadvantage and place of residence the hazard ratio was reduced to 1.30 (95% CI 0.94-1.75). 

Conclusion: Preventing comorbidities and increasing rates of surgical treatment may increase breast cancer survival for 
NSW Aboriginal women. 
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Cancer 



Background 

Cancer contributes substantially to the difference in life 
expectancy between Aboriginal and non- Aboriginal women 
in Australia, and is the second highest cause of death in 
Aboriginal people [1,2]. Breast cancer is the most com- 
monly diagnosed cancer in Aboriginal women, accounting 
for 25% of all incident cases in women [3]. 

It is generally reported that while breast cancer incidence 
in Aboriginal women is lower than in non-Aboriginal 
women [4-8], their population mortality rate from the dis- 
ease is either lower [9] or similar, suggesting that the 
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survival for Aboriginal women with breast cancer is lower 
[5,7,8,10]. This has been shown in the Northern Territory 
where breast cancer survival has been reported to be lower 
for Aboriginal women than for non-Aboriginal women 
[4]. The causes of breast cancer survival disparities for 
Aboriginal people are complex and have not been fully 
explained. The factors underlying these disparities are 
likely to include age at diagnosis, spread of disease at 
diagnosis, comorbidities, medical treatment received, so- 
cioeconomic disadvantage and access to health care. Stud- 
ies in other Australian states have reported that compared 
to non-Aboriginal women, Aboriginal women diagnosed 
with breast cancer were more likely to have advanced 
spread of disease at diagnosis, multiple comorbidities, live 
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in areas of higher socioeconomic disadvantage, and to live 
in areas further from major cancer treatment centres [2]. 
Most of the published research has focused on Aboriginal 
people living in sparsely populated, remote areas. 

New South Wales (NSW) is the most populous state 
in Australia, with over 6.8 million residents [11]. It also 
has the largest number of Aboriginal residents (148 178), 
representing approximately 29% of the total Australian 
Aboriginal population [11]. Aboriginal people in NSW are 
more likely to live in metropolitan areas than those in 
other Australian states with Aboriginal populations of over 
50,000 people. Nonetheless, Aboriginal people in NSW are 
still less likely to live in metropolitan areas (43%) than 
non- Aboriginal people (73%) [11]. 

As endorsed by the Aboriginal Health and Medical Re- 
search Council in NSW and in accordance with the NSW 
Health 2004 publication "Communicating Positively" we 
use the descriptor Aboriginal people' throughout this re- 
port to refer to the original people of Australia and their 
descendants [12]. 

Using population-based linked health records, we have 
compared the surgical treatment and survival of Aborigi- 
nal and non-Aboriginal women diagnosed with breast 
cancer in NSW. In particular, we investigated how the 
potentially modifiable factors of health care access and 
comorbidities influenced women's treatment and survival. 

Methods 

This analysis was conducted as part of the Aboriginal 
Patterns of Cancer Care Project (APOCC) which was 
funded by a National Health and Medical Research 
Council Health Services grant (Application Ref: 440202). 
This analysis was approved by the NSW Population and 
Health Service Research Ethics Committee and the 
Aboriginal Health and Medical Research Council Human 
Research Ethics Committee. 

Data sources 

We analysed linked routinely collected population-based 
datasets of incident cancer cases, hospital inpatient epi- 
sodes and deaths for NSW. 

All invasive cancers diagnosed in NSW have been re- 
quired to be notified to the NSW Central Cancer Registry 
(CCR) since 1972. We obtained data from the CCR for all 
invasive breast cancers (ICD-O-3 topography code C50 
and morphology codes with a suffix of 3) diagnosed in 
2001 to 2007 in women aged 18 years and over. 

All inpatient episodes in public and private hospitals 
in NSW for these women were obtained from the NSW 
Ministry of Health's Admitted Patient Data Collection 
(APDC) for the period 1 July 2000 to 30 June 2009. 

Information on their vital status to 31 December 2008 
was obtained from the NSW Registry of Births, Deaths 
and Marriages (RBDM). Deaths from breast cancer up 



to 31 December 2007 were obtained from the Australian 
Bureau of Statistics (ABS) and up to 31 December 2008 
from the CCR. 

The probabilistic linkage of the CCR, APDC, RBDM 
and ABS data was carried out by the Centre for Health 
Record Linkage (CHeReL) using ChoiceMaker software 
(ChoiceMaker Technologies Inc., New York, US). The 
CHeReL reviews all uncertain and samples of "certain" 
matches and non-matches of records, and reports ap- 
proximately 0.1% false positive and less than 0.1% false 
negative linkages. 

Variables for analysis 

It is mandatory to ask about Aboriginal status in all 
NSW public health facilities at each episode of care and 
Aboriginal status is a mandatory field for all NSW health 
data collection systems. In this analysis a woman was de- 
termined to be Aboriginal if she had identified that she 
was Aboriginal on a linked hospital admission or that 
she was identified as Aboriginal on her death certificate. 

Women's demographic and disease information obtained 
from the CCR included month and year of diagnosis, age 
and spread of disease at diagnosis. Spread of disease at 
diagnosis was reported by the CCR in four categories: 
localised, regional, distant and unknown. 

Each woman was assigned to one of three categories 
according to the value of the Accessibility/Remoteness 
Index for Australia (ARIA+) [13] for her Local Government 
Area (LGA) of residence at the time of her diagnosis: major 
cities, inner regional or rural. The rural category included 
women living in outer regional, remote and very remote 
LGAs. The ARIA+ index is calculated using road distances 
of a LGA to the nearest population centres or 'service 
centres'. The service centres are categorised into major 
cities, inner regional, outer regional, remote and very 
remote based on population size. The road distances for 
the LGA to the nearest service centre in each of the five 
categories is then divided by the Australian mean to cre- 
ate the LGA's ARIA+ value [13]. Socioeconomic disad- 
vantage was assigned to each woman according to the 
value of the ABS Socio-Economic Indexes for Areas 
Index of Relative Socio-Economic Advantage and Dis- 
advantage (IRSAD) [14,15] for her LGA of residence at 
diagnosis. The IRSAD is a summary of census informa- 
tion about people and households within an area, in- 
cluding measures of income, education, types and sizes 
of housing and occupation [14,15]. LGAs were cate- 
gorised into quintiles of socioeconomic disadvantage, 
with each quintile containing equal proportions of the 
NSW population. 

Comorbidity information was derived from the APDC 
diagnosis codes, which recorded the reasons for admis- 
sion and other conditions that may affect treatment or 
length of hospital stay. For each woman we noted any 
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non-cancer condition described in the Charlson Comor- 
bidity Index [16] in the 12 months prior to diagnosis 
and up to 6 months following breast cancer diagnosis in 
any hospital admission, including episodes where cancer 
was not the main reason for admission. The comorbidi- 
ties were then grouped as the presence or absence of: 
diabetes, cardiovascular disease, chronic pulmonary dis- 
ease (CPD) and any other non-cancer conditions. We ex- 
cluded cancer as a comorbidity as we could not be certain 
that the cancer was independent of the current breast can- 
cer diagnosis. This exclusion may have resulted in an 
underestimate of the overall impact of comorbidities on 
breast cancer mortality. 

Breast cancer surgical treatments were identified in the 
APDC records by their ICD-10-AM codes and are reported 
here as the most radical treatment of either mastectomy 
(which may include a previous local excision/lumpectomy), 
local excision/lumpectomy only or no surgical treatment. 
We excluded 472 episodes of care that occurred more than 
two months prior to diagnosis as they may have been re- 
lated to another primary breast cancer. 

We restricted our analysis to surgical treatment, as other 
patterns of care studies have shown that there is high con- 
cordance between the surgical procedure recorded in the 
APDC and clinical audits of medical records, as surgical 
treatments invariably require the woman to be admitted 
pre- and/or post-operatively [17,18]. Conversely, adjuvant 
chemotherapy and radiotherapy treatments received were 
not assessed because they are largely administered as 
outpatient services and are therefore rarely recorded in 
the APDC. 

Statistical analysis 

We used chi-squared tests to compare categorical patient 
characteristics between Aboriginal and non-Aboriginal 
women. The median number of days between diagnosis 
and surgery was compared using the non-parametric two- 
sided Wilcoxon rank sum test. 

For women who had at least one linked APDC record 
in the time period between the 12 months prior and 
6 months after their breast cancer diagnosis uncondi- 
tional logistic regression was used to compare the odds 
of Aboriginal and non- Aboriginal women receiving sur- 
gical treatment. Variables were entered into the model 
using the method described in Hill et al. [19]. This in- 
volved first sequentially adjusting for factors relating to 
the woman (age at diagnosis and year of diagnosis) 
then the disease (spread of disease). Next, the poten- 
tially modifiable effects of factors relating to health 
care access (place of residence and socioeconomic disad- 
vantage) and comorbidities were added to the model in 
order of their influence on the odds ratio for Aboriginal 
compared with non-Aboriginal women receiving surgical 
treatment. 



Relative survival could not be estimated, as official lifeta- 
bles are not available for NSW Aboriginal people. We 
therefore analysed breast cancer specific survival. Cumula- 
tive mortality curves [20] and Cox proportional hazards re- 
gression models were used to analyse the time to death 
from breast cancer after diagnosis and to adjust for known 
confounders respectively. The follow-up time for all women 
whose deaths were not recorded in any of the linked data- 
sets was censored at 31 December 2008. For the Cox 
models, women who died from causes other than breast 
cancer were censored at the date of death. Variables were 
entered into the model using the method described above. 
As with the logistic regression we sequentially adjusted for 
the same factors relating to the woman and the disease, 
then for the potentially modifiable effects of comorbidities, 
surgical treatment, place of residence and socioeconomic 
disadvantage in order of their influence on the hazard ratio 
for breast cancer death for Aboriginal compared with non- 
Aboriginal women. 

We tested for any significant interactions (p<0.05) be- 
tween the variable indicating if a woman was Aboriginal 
and all other covariates in both the logistic regression 
and Cox proportional hazards regression. We also tested 
whether the proportional hazards assumption was satis- 
fied by the final Cox regression model [21]. 

All statistical analyses were performed using SAS soft- 
ware (release 9.3; SAS Institute Inc, Cary, North Carolina) 
and R 2.15.1 [22]. 

Results 

There were 28 819 women diagnosed with primary breast 
cancer in NSW in the period 2001-2007. We excluded 
from the analysis 180 women (0.6% of all cases) who were 
diagnosed by death certificate or autopsy only. A further 
789 women (2.8% of 28 639 remaining cases) who had no 
matching record in the APDC were also excluded; they 
are likely to be women who were treated in a neighbour- 
ing state [17]. 

Of the 27 850 remaining women, 288 (1.0%) identified as 
Aboriginal. Compared with non- Aboriginal women, Abori- 
ginal women were diagnosed at younger age (median=57, 
interquartile range (IQR) 47-66) than non-Aboriginal 
women (median=59, IQR 50-70). Aboriginal women were 
also more likely to have regional or distant spread of dis- 
ease, to live in rural or socioeconomically disadvantaged 
areas, and to have diabetes or chronic pulmonary disease 
(Table 1). 

Aboriginal women were less likely to receive surgical 
treatment than non-Aboriginal women (Table 1). More 
Aboriginal women had a mastectomy as their first surgery 
(46%) compared with non-Aboriginal women (34%). One 
year after diagnosis almost half of the Aboriginal women 
(48%) had undergone a mastectomy, compared with 39% 
of the non-Aboriginal women. For Aboriginal women 
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Table 1 Comparison of Aboriginal and non-Aboriginal women diagnosed with breast cancer in New South Wales 
2001-2007 





Aboriginal 




Non-Aboriginal 




p-value 




n 


% 


n 


% 




All women 


288 


1 


27562 


99 




Age at diagnosis (years) 










<0.01 


20-49 


89 


31 


6621 


24 




50-59 


75 


26 


7209 


26 




60-69 


66 


23 


6446 


23 




70-79 


■-15 


16 


4426 


16 




80+ 


13 


5 


2860 


10 




Place of residence 










<0.01 


Major cities 


138 


48 


20021 


73 




nner regional 


90 


31 


5882 


21 




Rural 3 


60 


21 


1659 


6 




Spread of disease 










0.04 


Localised 


133 


46 


14374 


52 




Regional 


112 


39 


9652 


35 




Distant 


24 


8 


1470 


5 




Unknown 


19 


7 


2066 


/ 




Socioeconomic disadvantage 










<0.01 


Least disadvantaged 


23 


8 


5968 


22 




Second least disadvantaged 


42 


15 


6061 


22 




Third least disadvantaged 


35 


12 


4536 


16 




Second most disadvantaged 


/■-l 


26 


5515 


20 




Most disadvantaged 


114 


40 


5482 


20 




Breast cancer surgical treatment within 12 months of dia 


gnosis 








<0.01 


No surgical treatment 


43 


15 


3061 


11 




Local excision/Lumpectomy only 


106 


37 


13650 


49 




Mastectomy 11 


139 


48 


10851 


39 




Median (IQR C ) days between diagnosis 


1 5 (4-28) 




14 (4-26) 




0.27 


And first breast cancer surgery 












Comorbidities'^ 




n = 279 


N = 


26483 




Diabetes 


49 


18 


2079 


8 


<0.01 


Cardiovascular disease 


20 


/ 


1130 


4 


0.02 


Chronic pulmonary disease 


29 


10 


1012 


4 


<0.01 


Other comorbidities 


13 


5 


1093 


4 


0.66 


No comorbidities recorded 


195 


70 


22317 


84 


<0.01 



includes outer regional, remote and very remote areas, 
includes mastectomy with or without local excision/lumpectomy. 
C IQR - interquartile range (25th and 75th centile). 

d Numbers were reduced due to absence of linked hospital records during 12 months before and up to 6 months after breast cancer diagnosis. For Aboriginal 
women 9 did not have a linked record and 1161 non-Aboriginal women did not have a linked record in the time period. Note also that comorbidity categories 
are not mutually exclusive, so the percentages add to more than 100%. 



living in major cities, inner regional and rural areas, within 
12 months of diagnosis, 45%, 51% and 52% respectively 
had had a mastectomy compared with 39%, 42% and 42% 
respectively for non-Aboriginal women. The median time 
between diagnosis and the first surgical treatment was 



similar for Aboriginal (15 days) and non-Aboriginal women 
(14 days). 

From our analysis of women who had at least one 
linked APDC record in the time period between the 
12 months prior and 6 months after their breast cancer 
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diagnosis, 87% of Aboriginal women compared with 92% 
of non-Aboriginal women received surgical treatment 
and the unadjusted odds ratio (OR) was 0.59 (95% Con- 
fidence Interval (CI) 0.42-0.86, p=0.006) (Table 2). After 
accounting for differences in age at diagnosis, year of 
diagnosis and spread of disease, Aboriginal women still 
had lower odds of receiving surgical treatment than non- 
Aboriginal women (OR 0.50, 95% CI 0.33-0.78, p=0.003). 
Finally, after accounting for comorbidities, place of resi- 
dence at diagnosis and socioeconomic disadvantage the 
odds ratio for Aboriginal women receiving surgical treat- 
ment increased to be almost identical to the unadjusted 
value (OR 0.60, 95% CI 0.39-0.95, p=0.031). There were 
no significant interactions between the variable indicating 
if a woman identified as Aboriginal and any of the covari- 
ates described. 

All the factors listed in Table 3 were significantly asso- 
ciated with the risk of death from breast cancer for 
NSW women. However, in the multivariable model that 
included all factors shown in Table 3, diabetes, CPD, and 
place of residence were no longer significantly associated 
with the increased risk of death from breast cancer for 
NSW women. The differences in risk of death for Abori- 
ginal and non-Aboriginal women was also no longer 
statistically significant after adjusting for all the factors 
in Table 3. 

The five-year crude breast cancer-specific mortality was 
6.1% higher for Aboriginal women (17.7%, 95% CI: 12.9- 
23.2) compared with non-Aboriginal women (11.6%, 95% 
CI: 11.2-12.0) (Figure 1). Aboriginal women had a 69% 
higher unadjusted risk of breast cancer death relative to 
non-Aboriginal women (Hazard ratio (HR) 1.69, 95% CI 
1.22-2.25, p=0.002) (Table 4). The hazard ratio for Abori- 
ginal women compared with non-Aboriginal women was 



Table 2 Odds ratios for 279 Aboriginal women having 
breast cancer surgical treatment compared with 26483 
non-Aboriginal women 



Covariate(s) adjusted for 3 


Odds ratio b 


95% Confidence 
interval 


p-value 


Aboriginal 


0.59 


0.42-0.86 


0.006 


+ Age at diagnosis 


0.48 


0.34-0.70 


<0.001 


+ Year of diagnosis 


0.48 


0.34-0.70 


<0.001 


+ Spread of disease 


0.50 


0.33-0.78 


0.003 


+ Place of residence 


0.55 


0.36-0.86 


0.009 


+ Comorbidities c 


0.60 


0.39-0.95 


0.030 


+ Socioeconomic 
disadvantage 


0.60 


0.39-0.95 


0.031 



a Covariates are entered sequentially and categories for each variable are as 
shown in Table 1. All subsequent models include the covariates from the 
previous model. 

b For Aboriginal women compared with non-Aboriginal women. 
Comorbidities includes the presence or absence of: diabetes, cardiovascular 
disease, chronic pulmonary disease and any other (non-cancer) comorbidity in 
the Charlson Comorbidity Index. 



similar to the unadjusted value at 1.67 (95% CI 1.21-2.23, 
p=0.002) after adjusting for differences in age at diagnosis, 
year of diagnosis and spread of disease (Table 4). However 
after adjusting for surgical treatment the hazard ratio 
decreased to 1.39 (95% CI 1.01-1.86, p=0.045). Also, 
after accounting for comorbidities the risk of death 
from breast cancer for Aboriginal women was still 34% 
higher than for non-Aboriginal women, however this 
difference was not statistically significant (HR 1.34, 95% 
CI 0.97-1.79, p=0.075). Finally, after also accounting for 
differences in socioeconomic disadvantage and place of 
residence, there was little change in the hazard ratio 
(HR 1.30, 95% CI 0.94-1.75, p=0.105). This final model 
satisfied the proportional hazards assumption. 

Discussion 

We found that in NSW, Australia, Aboriginal women di- 
agnosed with breast cancer were significantly less likely 
to receive surgical treatment and had poorer survival 
than non-Aboriginal women. The disparity in surgical 
treatment was not accounted for by differences in age at 
diagnosis, year of diagnosis, spread of disease, comorbid- 
ities, place of residence at diagnosis or socioeconomic 
disadvantage. After accounting for differences in age at 
diagnosis, year of diagnosis and spread of disease Abori- 
ginal women had a 67% higher risk of death from breast 
cancer than non-Aboriginal women. However this in- 
creased risk was reduced after accounting for differences 
in the potentially modifiable factors of surgical treatment 
received and comorbidities. These results suggest that 
increasing rates of surgical treatment and preventing co- 
morbidities may increase the survival of Aboriginal women 
diagnosed with breast cancer in NSW. 

Others have identified that place of residence and socio- 
economic disadvantage manifest as barriers to treatment 
uptake through lack of transportation, accommodation 
and/or childcare facilities [23] . Our finding that Aboriginal 
women were more likely to have a mastectomy, also found 
in previous studies [24,25], may be a result not only of 
more advanced disease at diagnosis, but also of poorer ac- 
cess to adjuvant therapies. The proportion having mastec- 
tomy increased with increasing remoteness of residence 
indicating that this may be the case. However women may 
have also chosen a mastectomy over a lumpectomy to 
reduce the number of visits required for treatment. It is 
also possible that having significant comorbidities limits 
women's access to surgery and adjuvant therapies, as 
they may have lower tolerance of, or ability to recover 
from, these treatments [26]. If the prevalence of comor- 
bidities was reduced and access to, and acceptability of, 
health care services improved, the disparities in surgical 
treatment rates and survival from breast cancer between 
NSW Aboriginal and non-Aboriginal women may be 
reduced. 
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Table 3 Cox regression models of factors associated with breast cancer survival for NSW women 2001-2007 (n = 26762) 



Unadjusted model 



Multivariable model 



Hazard ratio (95% CI) 



p-value 



Hazard ratio (95% CI) 



p-value 



Aboriginal 


1.69 


1.22-2.25 


0.002 


1.30 


0.94-1.75 


0.105 


Age at diagnosis 






<0.001 






<0.001 


20-49 


1.16 


1.03-1.31 




1.03 


0.91-1.16 




50-69 


1.00 






1.00 






60-69 


0.91 


0.80-1.04 




0.90 


0.79-1.02 




70-79 


1.71 


1.51-1.93 




1.52 


1.35-1.72 




80+ 


3.52 


3.12-3.97 




2.27 


1.99-2.59 




Year of diagnosis 


0.97 


0.95-1.00 


0.018 


0.96 


0.94-0.98 


<0.001 


Spread of disease 






<0.001 






<0.001 


Localised 


1.00 






1.00 






Regional 


3.90 


3.50-4.35 




3.63 


3.25-4.06 




Distant 


24.46 


21.76-27.53 




11.85 


10.40-13.50 




Unknown 


5.40 


4.64-6.29 




2.41 


2.05-2.83 




Comorbidities 3 














Diabetes 


1.52 


1.33-1.72 


<0.001 


1.09 


0.96-1.24 


0.187 


Cardiovascular disease 


3.27 


2.86-3.72 


<0.001 


1.18 


1.02-1.37 


0.030 


Chronic pulmonary disease 


1.63 


1.37-1.92 


<0.001 


1.13 


0.95-1.34 


0.166 


Other comorbidities 


3.95 


3.47-4.48 


<0.001 


1.60 


1.38-1.84 


<0.001 


Surgical treatment 






<0.001 






<0.001 


No surgical treatment 


1.00 






1.00 






Local excision/Lumpectomy only 


0.06 


0.06-0.07 




0.17 


0.15-0.19 




Mastectomy b 


0.17 


0.15-0.18 




0.31 


0.28-0.34 




Socioeconomic disadvantage 






<0.001 






0.018 


Least disadvantaged 


1.00 






1.00 






Second least disadvantaged 


1.14 


1.00-1.29 




1.09 


0.96-1.24 




Third least disadvantaged 


1.31 


1.15-1.49 




1.17 


1.03-1.34 




Second most disadvantaged 


1.33 


1.17-1.50 




1.25 


1.09-1.42 




Most disadvantaged 


1.35 


1.19-1.52 




1.19 


1.02-1.38 




Place of residence 






0.014 






0.703 


Major cities 


1.00 






1.00 






nner regional 


1.11 


1.01-1.22 




1.03 


0.92-1.15 




Rural b 


1.20 


1 .02-1 .40 




0.96 


0.80-1.15 





a Presence compared with the absence for each comorbidity, 
includes mastectomy with or without local excision/lumpectomy. 

Free mammographic screening has been available 
through BreastScreen NSW since 1991. In the period 
2000-2008 participation by Aboriginal women in the 
program ranged between 30% and 35% compared to be- 
tween 50% and 56% for non-Aboriginal women [27]. 
This difference in participation may explain some of the 
differences in stage at diagnosis between Aboriginal and 
non- Aboriginal women. It is however, unlikely to be the 
only factor, as more than half of all breast cancers are di- 
agnosed outside BreastScreen NSWs target age group of 
50-69, and only 40% of cancers diagnosed annually in 



the target age group are diagnosed through the screen- 
ing program [27]. 

A limitation of this study is the identification of Abori- 
ginal women in our source datasets, although this was 
addressed by using any record of a woman identifying as 
Aboriginal by the ABS death records or in any hospital 
admission record, including non-cancer related admis- 
sions, to indicate that a woman was Aboriginal. As 98% 
of the NSW population is non- Aboriginal the chance of 
a false positive misclassification is low. The NSW Ministry 
of Health has recently evaluated a number of different 
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0 1 2 3 4 5 

Years since diagnosis 

Figure 1 Cumulative mortality from breast cancer for 288 
Aboriginal and 27562 non-Aboriginal women diagnosed in 
NSW, 2001-2007. 



algorithms for improving identification of Aboriginal people 
in linked health data sets and found that an 'ever identified 
algorithm, as used here, increased the identification of 
Aboriginal people in the CCR by 49% [28]. Finally, al- 
though recent efforts to improve the identification of 
Aboriginal people in health data systems have been largely 
successful [29], it is likely that any statistics presented here 
still underestimate the number of Aboriginal women diag- 
nosed with breast cancer in NSW. A recent paper describ- 
ing the same population, but for a different time period, 
estimated the under-reporting of Aboriginal identifica- 
tion to be between 12% and 14% [30]. If the unidentified 



Table 4 Hazard ratios for 279 Aboriginal women 
dying from breast cancer compared with 26483 
non-Aboriginal women 



Covariate(s) adjusted for 3 


Hazard ratio b 


95% Confidence 
interval 


p-value 


Aboriginal 


1.69 


1 .22-2.25 


0.002 


+ Age at diagnosis 


1.88 


1.36-2.51 


<0.001 


+ Year of diagnosis 


1.88 


1.36-2.51 


<0.001 


+ Spread of disease 


1.67 


1.21-2.23 


0.002 


+ Surgery 


1.39 


1.01-1.86 


0.045 


+ Comorbidities c 


1.34 


0.97-1.79 


0.075 


+ Socioeconomic 
disadvantage 


1.30 


0.94-1.74 


0.109 


+ Place of residence 


1.30 


0.94-1.75 


0.105 



a Covariates are entered sequentially and categories for each variable are as 
shown in Table 3. All subsequent models include the covariates from the 
previous model. 

b For Aboriginal women compared with non-Aboriginal women. 
Comorbidities include the presence of absence of: diabetes, cardiovascular 
disease, chronic pulmonary disease and any other (non-cancer) comorbidity in 
the Charlson Comorbidity Index. 



Aboriginal women had better outcomes than those who 
were identified, the results of this study would likely be 
biased away from the null hypotheses of no differences 
in surgical treatment or survival rates for Aboriginal 
and non-Aboriginal women. A further limitation is the 
potential under-reporting of comorbidities in the hos- 
pital records, although diabetes has been shown to be 
reasonably reliably recorded [18]. Another limitation is 
that we were unable to measure other reasons besides 
access factors that may contribute to the observed lower 
surgical treatment rates for Aboriginal women. A quali- 
tative study in NSW identified several cultural barriers 
between Aboriginal people and mainstream cancer ser- 
vices that may be subtly contributing to lower usage or 
acceptability of some cancer treatments. In particular it 
identified lower cancer literacy for Aboriginal people [31], a 
feeling of a lack of social inclusion when in hospital settings 
[32], and the need for health services to openly discuss and 
address cultural differences in service delivery [33]. 

A final potential limitation is a possible bias in our sur- 
vival comparisons due to the identification of Aboriginal 
women through the ABS death records. We investigated 
the magnitude of this effect in a sensitivity analysis where 
we determined Aboriginal status from the APDC only. 
There were nine women who were identified as Aboriginal 
by their ABS records only (of whom five died of breast 
cancer and four died of other causes and were censored in 
our analysis). When these nine women were excluded 
from the analysis, the results and conclusions were 
unchanged as the fully adjusted hazard ratio comparing 
survival in Aboriginal and non-Aboriginal women de- 
creased slightly from 1.30 (95% CI 0.94-1.75) to 1.19 (95% 
CI: 0.84-1.63). 

The strengths of our study include the whole popula- 
tion approach to identifying cases. This is the first such 
study conducted in NSW, the Australian state with the 
largest Aboriginal population, including the largest num- 
ber of Aboriginal women living in metropolitan areas. 
This is also the first study to include detailed informa- 
tion on comorbidities and to assess their effects on sur- 
gical treatment and survival for Aboriginal women. Our 
study is also the first to statistically account for the dis- 
parities in the risk of breast cancer specific death by 
adjusting for differences in comorbidities and surgical 
treatment received in addition to age at diagnosis, year 
of diagnosis, spread of disease, place of residence and so- 
cioeconomic disadvantage. Previous published studies on 
breast cancer survival for Aboriginal women have only 
adjusted for differences in some of these covariates and 
so were unable to discern the relative or combined 
effects of all of the covariates [10,34]. 

Our results for NSW Aboriginal women, compared to 
non-Aboriginal women, broadly concurred with the lower 
incidence of breast cancer yet similar mortality rate for 
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the whole population observed in the less populous 
jurisdictions of Australia [4,5,7] suggesting poorer sur- 
vival for Aboriginal women. We found that Aboriginal 
women in NSW were 69% more likely to die from their 
breast cancer than non-Aboriginal women, while studies 
from the Northern Territory and South Australia found 
that Aboriginal women were almost twice as likely as 
non-Aboriginal women to die of their breast cancer [4,34] . 
The Northern Territory study also found that differences 
in age and stage did not explain the survival gap between 
Aboriginal and non-Aboriginal women [4]. Similar dispar- 
ities in the rates of surgical treatment between Aboriginal 
and non-Aboriginal women to those we have reported 
were found in Queensland and Western Australia [35,36]. 

Our results also seem comparable to international stud- 
ies of cancer in Indigenous populations. A recent study in 
New Zealand found that Maori women had lower breast 
cancer survival than non-Maori women, and that this dif- 
ference could not be accounted for by disparities in age 
and spread of disease [37]. Studies of women with breast 
cancer in the United States have also found poorer survival 
for American Indian, Alaskan Native and Hawaiian Native 
women compared to their respective non-Indigenous pop- 
ulations [38-40], and again, differences in age and spread 
of disease did not explain this disparity. Studies found that 
the surgical treatment rates for American Indian and Al- 
askan Native women with breast cancer were similar to 
those for non-Indigenous women, however the time be- 
tween diagnosis and treatment was longer [41,42]. 

Conclusions 

Aboriginal women in NSW diagnosed with breast can- 
cer received less surgical treatment than non-Aboriginal 
women. Aboriginal women were also less likely to survive 
their breast cancer than non-Aboriginal women. We have 
shown that the disparity in survival could be reduced by 
preventing comorbidities and increasing rates of surgical 
treatment. 
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